Abstract -The system of partial differential equations which forms the Poisson's and continuity equations together with appropriate boundary conditions cannot be solved explicitly in general. Therefore, the solution must be calculated by means of numerical approaches. Application of finite element method (FEM) for semiconductor device simulation is described. It is shown that this method guarantees exact conservation of current both locally and at the device terminals. Finite element forms of Poisson's equation and the electron and hole current continuity equations are derived. This paper describes the implementation of FEM in order to get the doping profile of the semiconductor devices.
I. INTRODUCTION The FEM (sometimes referred to as finite element analysis (FEA)) is a numerical technique for finding approximate solutions of partial differential equation as well as of integral equations. The solution approach is based either an approximating system of ordinary differential equations, which are then solved using standard techniques such as Newton Method [1] . It is the objective of this paper to describe the application of the method to device simulation. The device which described in this paper is Silicon Carbide Gate Turn-Off Thyristor (SiC-GTO Thyristor). The doping profile with the material properties of the device can be modelled. This paper specifically focuses on the numerical simulation of the device compare with the common Silicon GTO Thyristor.
The main advantages of the FEM are that conservation laws (e.g., current conservation) are exactly satisfied even by coarse approximations, it is easy to treat irregular geometries, the computational mesh can be graded to be fine in regions to rapid change, local mesh refinement [2] is easier to implement than finite difference method (FDM).
In the following sections, the finite element equations which are arise from the semiconductor equations are derived and it is shown the equations are the base of semiconductor device simulations. The implementation of finite element equations will be discussed in the next section. For detailed discussion of the numerical simulation, it is in the results and discussion section.
II. NUMERICAL METHOD

Semiconductor Equations
The semiconductor equations are a set of five equations that govern the behavior of semiconductor materials and devices. The set of equations composed of:
In these equations, the three unknown quantities are the space-charge potential (ψ ), the electron (n) and hole (p) densities, d N is the doping densities, the constant q is the magnitude of electronic charge and ε is the dielectric permittivity. p J and n J are the hole and electron current densities. R is the recombination rate. p ṽ and n ṽ are the hole and electron drift velocities. p D and n D are the hole and electron diffusion coefficients. The diffusion coefficients and drift velocities are electric field dependent and so the equations are nonlinear. The recombination term which is also nonlinear may be approximated by its thermal equilibrium value (Schokley Read Hall Theory) [3] .
Finite Element Equations
To solve (1) to (5), boundary conditions for the space-charge potential and electron and hole charge carrier densities are required. The finite element equations are derived from (1) to (3) by multiplying them by Φ i (x,y) and integrating over the region Ω occupied by the device [4] . 
Final Form of Equations
In computer solution by the finite element method there are four stages:
1. Read in (or generate internally) material properties-Si and SiC) and element connectivity (mesh). 2. Assemble the equations (6), (7) and (8) which the finite element equations and inserting boundary conditions. 3. Solve the resulting linear equations 4. Repeat 2 and 3 iteratively for nonlinear and/or time dependent problems.
III. RESULTS AND DISCUSSION
The numerical simulation which obtained from the finite element equations can be performed into simulation tool. The framework of the simulation tool is shown in Fig. 1 . Fig. 1 shows the framework of Si and SiC GTO Thyristor in order to solve the finite element equations. The simulation tool is able to solve and generate doping profile of the selected device. It is require the user to enter the node or mesh point and it will calculate internally.
Based on the result obtained, it is expected that the simulation tool could give the accurate result especially in generating mesh. An example result of generating mesh is shown in Figure 2 .
IV. CONCLUSION
In this paper, the numerical method of solving semiconductor equations were introduced, which is finite element method. The finite element method can be applied successfully to semiconductor device simulation despite the nonlinear of the governing equations. A detailed derivation has been given by applying divergence theorem into the semiconductor equations. The simulation tool would be the new technology in semiconductor device and simulation in semiconductor industries. For further simulation on switching and inner phenomena of the devices, it will be discussed in the next research.
